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0 .  BoyL. A. B~ossr,  H. J .  C. YEH, E. HAMEI-, B. WEGRZYNSKI. and V.  TOOME. Can. J .  Chcm. 70, 1237 (1992). 
Trimethoxy-substituted dihydrodibcnzocycloheptenes 4-7, required for a structure-activity study measuring the in- 

hibition of tubulin polymerization in vitro, were synthesized by four different routes: ( I )  Synthesis of 4 was achieved 
from 2,3-di~nethoxybenzaldehyde via biphenyl aldehyde 17, chain lengthening to propionic acid 20, acid-catalyzed cy- 
clization toward kctone 21, and removal of the carbonyl group. (2) Compound 5 was obtained by eliminating the ster- 
ically most hindered methoxy group in 25 or 26 by metal reduction in alcohol. (3) Compound 6 was prepared from biphenyl 
aldehyde 34 obtained by Grignard reaction on oxazoline 32. (4) Compound 7 was obtained by reductive deoxygenation 
of the tetrazolyl ether derivative of N-acetylcolchinol 41. The key rolc of the aromatic oxygen atoms in colchicine and 
allo congeners as points of interaction with the colchicine binding site on tubulin was demonstrated by the lack of in- 
hibitory activity of compounds 4-7. Optically active 5-acetamide 8n.h isomers of N-acetylcolchinyl methyl ether 2 were 
obtained aftcr chemical resolution of amine 47. The absolute configuration of the optical isomers 470,b and 8a,b was 
determined by 'H NMR and CD measurements. Thcse compounds were found inactive as inhibitors of tubulin poly- 
merization. 

0 .  Boyf, A. BROSSI, H. J .  C .  YEH, E .  HAMIIL, B. WEGRZYNSKI et V .  TOOME. Can. J .  Che~ii. 70, 1237 (1992). 

Lcs triniethoxy-dihydrodibenzocyclohept&nes 4-7 ont ete synthetises selon quatre voies diffkrentes dans le cadre d'une 
Ctude de relation structure-activite concernant I'inhibition de polymerisation de la tubuline in vitro : (1) la synthese du 
compose 4 a Ctt effectuee i partir du 2.3-dimCthoxybenzaldChyde via I'intermcdiaire aldkhydique 17 suivi d'une exten- 
sion dc chaine vers I'acide propioniclue 20, donnant, apres cyclization, la cktone 21 dont la fonction carbonylc a fina- 
lenient t5tC reduite. (2) Le compose 5 a etC obtenu par elimination du groupenlent nitthoxy encombre de I'alcool 25 ou 
dc I'oxime 26 par reduction metallique. (3) Le compose 6 a CtC synthCtisC i partir de l'aldthyde biphknylique 34, ob- 
tenu par une reaction de Grignard sur I'oxazoline 32 selon la mCthodc dc Meyer. (4) Le composC 7 provient de la 
dCoxygCnation reductive de I'Cther de tetrazolyle du N-acCtylcolchinol 41. Le r61e c l i  des atolnes d'oxygene aronia- 
tiques de la colchicine et des derives de type <<allo>>, cn tant que points d'interaction avec leur site de fixation sur la tu- 
buline, a CtC demontr6 par l'absence de proprietes inhibitrices dcs composes 4-7. Les acCtamides 80.11 isomttres en position 
5 du N-ac6tylcolchinyl 11iCthyl ether 2 ont CtC obtenues aprits rCsolution chi~nique de I'amine 47. La configuration ab- 
solue des isomeres optiques 47n,b et 8a ,b  a et6 detcrniinee par des lncsures de RMN et de dichro'isme circulaire. Ces 
composes se sont rCvClCs inactifs en tant qu'inhibiteurs dc poly~nerisation de la tubuline. 

Mapping and full characterization of the colchicine bind- 
ing site on tubulin remains a challenging and multifaceted 
research project ( 1 ,  2). Modification of natural (-)-(as, 7 s )  
colchicine 1 or the parent compound N-acetylcolchinol methyl 
ether 2 offers a possibility to gain valuable infor~nation on 
how these lnolecules bind to tubulin and inhibit its poly- 
merization. Phenolic congeners of colchicine 1, especially 
I-demethylcolchicine, were found to be less potent than 

'The results of  this investigation were presented by 0 .  Boye at 
a poster session of the 200th ineeting of the American Chcmical 
Society in Washington. D.C., August 26-31. 1990 (Division of 
Medicinal Chemistry; Abstr. 68). 

' ~ u t h o r  to whom correspondence may be addressed. 

colchicine itself (1-4) as inhibitors of tubulin polymeriza- 
tion, with activity partially restored on esterification (5 ,  6). 
After the finding of the high potency of 6,7-dihydro-l,2,3,9- 
tetramethoxy-5H-dibenzo[u,c]cycloheptene (DBCH) 3 (7~11, 
the systematic synthesis of its deinethoxy derivatives 4-7 was 
undertaken in order to investigate the contribution of each 
aromatic oxygen atom in the binding process. The acet- 
amido group in 1 and 2 is not required for binding to tubu- 
lin, as indicated by the high activity of compound 3 (7u). The 
investigation included a synthesis of the optically active 
amides 8a,0 ,  with the acetamido group at C ( 5 ) .  Determi- 
nation of their absolute configurations, a primary factor in 
tubulin binding ability, was made by ' H  NMR and CD. 
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1 (as, 7s) 

Chemistry 

DBCH 4 frorn 2,3-dimetlzoxybenzaIdehyrle (Sche~ne I )  
The synthesis of 4 followed a route used earlier in the 

synthesis of 3 (70, b )  which started from 2,3,4-trimethoxy- 
benzaldehyde and gave ketone 24 as an intermediate. Aza- 
lactone 9 ,  prepared from 2,3-dimethoxybenzaldehyde and 
N-acetyl glycine, was hydrolyzed to give pyruvic acid 10a 
and acetylated enamine 100 as a by-product. The 16-step 
synthesis of 4 was handicapped by the relatively low yield 
encountered in the preparation of keto-ester 13 from pyru- 
vic acid 1Ou via Robinson annelation with methyl vinyl ke- 
tone (8). The cyclization of acid 20 to ketone 21 in 

I (CF,CO),0/CF3COOH solution was greatly improved in 
I 

comparison to previous work (7n) by conducting the reac- 
tion at low temperature. 

I 
DBCH 5 by sodium-isopropanol redzrction (Scherne 2 )  

Reductive removal of the hindered methoxy group in al- 
cohol 26, obtained by reduction of ketone 24 (7a, b ) ,  was 
accomplished wlth sodium in refluxing isopropanol (12, 13) 
to afford DBCH 5 .  This reaction is reminiscent of methoxy 

group eliminations observed in the aporphine alkaloid se- 
ries with sodium in liquid ammonia (18, 19). DBCH 5 could 
also be obtained starting with oxime 25, which, treated in the 
same manner as 26, was demethoxylated and reduced in a 
one-pot procedure. Exhaustive methylation of amine 27 af- 
forded quaternary salt 28b, which underwent Hofmann 
elimination to olefin 29. Reduction of the latter afforded 5. 
This material was identical with that directly obtained from 
26 on treatment with sodium in isopropanol. 

DBCH 6 by Meyers' biphenyl .sj~~~tlzesis (Scheme 3 )  
The synthesis of 6 was tailored after Meyers' efficient 

synthesis of biphenyl aldehydes from phenyloxazolines with 
Grignard reagents (1 4- 16). 

Reaction of Grignard 31, prepared from 5-bromovera- 
trole, with oxazoline 32 (obtained from 2,5-dimethoxyben- 
zoic acid ( 14- 16)) afforded oxazoline 33. Deprotection of 
33 was accomplished by quaternization with methyltriflate, 
reduction of the quaternary salt with sodium borohydride, and 
hydrolysis with oxalic acid to give aldehyde 34 (16). Con- 
version of aldlehyde 34 into ketone 38, olefin 40, and DBCH 
6 followed the route used for the preparation of 3 and 4 .  
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CH3O 

c H 3 0 y  \ COOH 

lob 

CH30 

C H 3 0 y  COOH - 
10n 

0 

CH,O 

CH3O CH30 CH,O 

COOCH, COOR 

OR 

16 R=CH20H 12 R = H  
17 R=CHO 14 R = H  13 R =CH3 
18 R = CH = CHCOOEt 15 R=CH3 
19 R = (CH2)2COOEt 
20 R = (CH2)2COOH 

. .  . . .  , . . 
DBCH 7.fiorn N-ncetylcolchinol41 (Scherne 4 )  

. .  . . . . .  .. . . .  
: : ..j . .  . 

N-Acetylcolchinol, prepared from colchicine 1 by a pub- 
. . .  . - - lished procedure (17), was deoxygenated by catalytic re- 

! duction of its phenyltetrazolyl ether 42 over Pd/C catalyst 
in acetic acid (20, 21), affording amide 43. The latter on acid 
hydrolysis gave amine 44, which after quarternization with 

I methyl iodide and Hofinann degradation afforded olefin 46 ! 
I and DBCH 7 on further reduction. 

Syr7thesis of optically ~ ~ c t i v e  5-~lcet~1t77idodeami17ocol~~hit7yl 
rnetkyl ethers 8a,b  (Scheme 5 )  

Oxime 25 was also used to prepare the optically active 
isomers 8a,b (Scheme 5) .  Reduction of oxime 25 with hy- 

drazine in the presence of Raney nickel catalyst afforded the 
racemic arnine 47, which was resolved with (+)- and (-)- 
dibenzoyltartaric acids in isopropanol to afford the optically 
active amines 47n,b after recrystallization from MeOH. 
Further acetylation gave the optically active amides 8a,b. The 
optical purity of the amines was measured by HPLC analy- 
sis of their urea derivatives 48a,b. The absolute configura- 
tion of cornpounds 47c1,b and 8a,b was established by 'H 
NMR spectroscopy and CD analysis. We have previously 
shown that natural (-)-7s-colchicine 1 and derived a110 
congeners exhibit negative Cotton effects at 260 nm (9, 10). 
This optical behavior results from the presence of the non- 
coplanar biaryl system. Ring C is twisted out of the plane 
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formed by ring A in a counterclockwise arrangement with a 
dihedral angle between the planes of ca. 53" (8). This gives 
an aS assignment to natural (-)-7s-colchicine, after con- 
sideration of the order of the ortho-ortho' substituents of the 
central bond, according to the chirality rules of Prelog and 
Helmchen ( I  I ) .  Counterclockwise arrangement of the biaryl 
systems is manifested by all the biologically active colchi- 
cinoids and their a110 congeners and is considered to be an 
important molecular feature in their ability to bind to tubu- 
lin. Unnatural (+)-7R-colchicine, which has the biaryl sys- 
tem arranged in a clockwise fashion and has a positive Cotton 
effect at 260 nm, does not bind to tubulin. 
Cot~fortnatiotlal eqrlilibriri ntld absolute cotfigurc1tiot7.s 

of 5-art~itzodearnitzocolchit~yl methyl ethet-s 47a,b 
and derived ricetatnides 8a, b 

The optically active amines 47a,b and the derived aceta- 
mides 8a,b are in a solvent-dependent conformational equi- 
librium (Scheme 5) .  The absoIute configurations of 47a and 
8a were established as follows: the observed negative Cotton 
effect at 260 nm in ethanol (Fig. la)  for 47n and 8~1 sug- 

gests that the phenyl rings in these compounds are arranged 
in a counterclockwise fashion, as in natural (-)-(aS,7S)- 
colchicine 1. Despite the identical helicity of the biaryl sys- 
tem the configuration of 470 and 8a is aR due to the change 
occurring in the priority of the ortho-or-tho' substituents as 
compared to (-)-colchicine (I I). In conjunction with this 
finding, the 5S absolute configuration of these molecules was 
then derived by measuring vicinal proton coupling between 
H-C(5) and H,,,,-C(6) (Table 1 ) .  The dihedral angles be- 
tween these protons were evaluated using the Karplus rule 
(23, 24). By examining the Dreiding model with the bi- 
phenyl system arranged in a counterclockwise configura- 
tion. one can conclude that H-C(5) in both compounds is 
axially oriented with the amino or acetamido groups in an 
equatorial position. This leads to a 5S absolute configura- 
tion for 47a and 80. The solvent dependency of the confor- 
mational equilibrium is different for 470 and 8a. Whereas 
the 'H  NMR proton signal for H-(5) in amine 47a does not 
change significantly on switching solvents from CD,OD to 
CDCI, and the negative Cotton effect at 260 nm is stilI sub- 
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38 R ' = R ~ = o  34 R = C H O  
39 R I  = H, R'= OH 35 R = CH = CHCOOEt 

36 R = (CH2),COOEt 
37 R = (CH2)2COOH 

stantial, these situations are drastically different in the case 
of acetamide 80. In CDCl,, proton H-C(5) for 80 gives two 
'H  NMR signals of nearly equivalent intensity, indicating a 
displacement of the conformational equilibrium toward the 
aS isomer, with the biphenyl system arranged in a clock- 
wise fashion and with the acetamido group axially oriented. 
The existence of two isomers cannot be explained by a sim- 
ple cis-tratls rotameric arrangement of the amide group. This 
is shown by the optical behavior of 8a. The equilibration 

solvent. The optical isomer 8b, which was also analyzed, 
showed similar optical behavior. 

Biological evaluation 
Method (25) 

The compounds were tested as potential inhibitors of the 
polymerization of purified bovine brain tubulin in vitro. Re- 
action components were 1.0 mg/mL (10 pM) tubulin, 
1.0 M monosodium glutamate (inducer of polymerization), 
1.0 mM MgCI,, and 0.4 mM GTP (an essential cofactor for 
polymerization). All compounds were dissolved in di- 
methyl sulfoxide (with a final solvent concentration of 
4%(v/v), which did not affect the polymerization reaction). 
All components except GTP were preincubated at 37°C for 
15 min to permit the interaction of slow binding agents with 
tubulin. Reaction mixtures were chilled on ice and after ad- 
dition of GTP were transferred to thermostated cuvettes held 
at 0°C in a recording spectrophotometer. Polymerization was 
initiated by a 75-s temperature jump to 37"C, and the reac- 
tion was followed turbidimetrically at 350 nm. For each 
compound an IC,, value was obtained in at least three in- 
dependent experiments. The IC,, value was defined as the 
drug concentration that inhibits the extent of polymerization 
by 50% after a 20-min incubation. Values over 50 pM rep- 
resent negligible activity in this assay, while the lowest IC,, 
value yet obtained has been 1.2 pM (i.e., 50% inhibition of 
polymerization when at most 12% of the tubulin in the re- 
action mixture has bound the inhibitor). 

Res~llts ancl disl-ussiotz 
Of the newly prepared compounds, only 5, 29, and 43 

retained some activity as inhibitors of tubulin polymeriza- 
tion when compared with data obtained for colchicine 1 and 
N-acetylcolchinol methyl ether 2 (Table 2). This marks di- 
hydroclil~etzzo[a,c]c~~clo/ze~~tetze 3 as the sinzplest tricyclic 
structure of this series that shorvs n high atztitubulitz nctiv- 
it)]. 

Any replacement of methoxy groups by hydrogen in 3 re- 
sults in a substantial loss of activity, which is much greater 
than the loss observed in going from colchicine 1 to de- 
methylated congeners (Table 2). This clearly demonstrates 
the importance of oxygen atoms at positions C(1), C(3), and 
C(9) (C(10) in colchicine) as major points of electrostatic 
interaction with the binding site while the oxygen in C(2) is 
slightly less important. The substituent at C(l)  is also par- 
ticularly critical because it affects the aR-aS equilibrium 
through steric hindrance with H-C(1 1). Switching the acet- 
amido group from C(7) as in 2 to C(5), despite a proper 
counterclockwise absolute configuration for 80, afforded 
inactive compounds 8a,0. Even an amino group at position 
C(5), as in 470, resulted in complete loss of activity. This 
suggests that substitution at this position interferes with the 
tubulin binding process. 

between aR- and aS-8a conformers is demonstrated by the 
drastic decrease in the absorption at 260 nm in the CD spec- Experimental 
tra in CHC1, compared to the one displayed in ethanol (Fig. Ge,,erN, 
l a ,  b). The specific optical rotation of 8n remains constant TLC: gel G ~ L ~  plates froln Analtech: visualization with 
on standing in methanol and changes very little after several uv light, I,, ~ r a g ~ ~ d ~ ~ f f ' ~  solution.  lash sil- 
days in chloroform solution. This clearly indicates that the ica gel 60 (Fluka), 230-400 mesh, 60 A ,  Melting point (uncor- 
proportion of 8a (aR,5S) and (as,.%) isomers present in rected): Fisher-Johns melting point apparatus. IR spectra: Beckrnan 
solution is rapidly established and strongly influenced by the IR 4230. ' H  NMR spectra: Varian XL 300 (300 MHz). CIMS: 
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0CH3 0CH3 

- 
\ 

NHCOCH, 
\ 

43 R=NHCOCH3 

41 42 44 R = N H 2  
45 R = N(CH3)<I- 

Finingan 1015 D; EIMS: VG 7070 F. GC: Hewlett Packard 5890A, 
column HP-I (cross linked methyl silicone gum) 25 m X 

0.32 mm. HPLC: Shimadzu LC-6A, column Alltech 250 mm, i.d. 
4-6 mm fitting B. Optical rotation: Perkin-Elmer polari~neter 
241MC. 

Synthesis of DBCH 4 (Sellerne I)  

3-Methj~1-4-[(2,3-dirnet/zo.ryphet1yl)-n7ethylide11e]-5(4 H)- 
oxuiolorze 9 

Oxazolone 9 was prepared according to published procedure (70) 
and recrystallized from toluene as a bright yellow powder (39%): 
mp 130°C; IR (CHCI,): 3020 (CHI), 18 10, 1770 (0-C=0) ,  1660 
(C=NH), 1260 (Ph-0-CH,) cm-I; 'H NMR (CDCI,) 6: 2.40 (s, 
CH,), 3.89 (s, CH,O), 3.90 (s, CH,), 7.00 (dd, J = 8.1 and 
1.3 Hz, IH, 4'-H), 7.14 (t, J = 8.1 Hz, IH, 5'-H), 7.65 (s, IH, 
Ph-CH=), 8.23 (dd, J = 8 and 1.4 Hz, IH, 6'-H): CIMS (NH,) 
tn/z: 248 (MH+) .  Anal. calcd. for C I  ,HI3O,N (247.25): C 63.15, 
H 5.30, N 5.66; found: C 63.06, H 5.33, N 5.60. 

3-(2,3-Dimer/1os~~pl1er1yl)pyr~11~ic crcid 10 
A solution of 9 (50.0 g,  0.2 mol) in aqueous HCI (10%. 

90 mL) and dioxane (180 mL) was refluxed for 3 h. After cool- 
ing, the solvents were evaporated to give a residue that was dis- 
solved in ethyl acetate and washed with H20.  The acid was 
extracted from the organic layer with concentrated ammonium hy- 
droxide. The aqueous layer was washed with ethyl acetate, then 
acidified with concentrated HCI. The acid was then extracted with 
ethyl acetate. After washing with H 2 0  until neutral, and drying 
(Na,SO,), the solvent was evaporated to give 22 g of 10 (yield 
49%), which was recrystallized from toluene to give a yellow 
powder: mp 123- 124°C: IR (CHCI,): 3460 (OH), 3000 (CH,), 1690 
(C=O). 1475, 1270 (CH30) c~n - I ;  IH NMR (CDCI,) 6: 3.88 (s, 
CH,O), 3.9 (s ,  CH,O), 6.92 (d, J = 8.1 Hz, IH, 4'-H), 6.94 (s, 
1 H, Ph-CH=), 7.12 (t, J = 8 Hz, IH, 5'-H), 7.33 (d, J = 7.9 Hz, 
IH, 6'-H); CIMS (NH,) rr~/z: 242 (MH' + NHI), 224 (M'). Anal. 

calcd. for CIIH,,O5(224.21): C 58.93, H 5.39; found: C 58.68, H 
5.43. 

I -Hydro,r\~-5-oxo-2-(2,3-ditnetho.\-\pher?yl)-l- 
cj~clohexur~ecnr-0o.vyIic ucirl 11 

Acid 11 was prepared by published procedure (70) as a crude 
mixture (57 g,  81%); a sample of the product (4 g) was flash chro- 
matographed for analysis (SiO,, CHC13-MeOH-CH,COOH 
9.25:0.5:0.25), giving 11 as a translucide oil (0.5 g, 10%): 'H  
NMR (CDC13) 6: 1.45-2.26 (~n, 4H, CH?), 2.35 (d, J = 15 Hz, 
IH. CH2C(OH)COOH), 2.72 (d, J = 14.9 Hz, IH, 
CH,C(OH)COOH), 3.42 (dd, J = 12.9 and 3.7 Hz, IH, CH), 3.58 
(s, 3H, CHIO), 3.62 (s, 3H, CH30) ,  5.68 (s, 1 H, OH), 6.57 (d, 
J = 8.1 Hz, IH, 4'-H), 6.63 (d, J = 8 Hz, IH, 6'-H), 6.74 (t, 
J = 7.9 Hz, IH,  5'-H). Recrystallization from ethyl acetate gave 
white crystals; mp 209-212°C (dec.); IR (film): 3460 (OH), 2930, 
1720 (C=O), 1655-1620 (C=O), 1470 cnl-I; CIMS (NH,) rn/z: 
329 (MH' + 2NH,), 312 (MH' + NH,), 295 (MH'), 276 (MHC 
- H70) .  

3-0xo-6-(2,3-dir~1erho.v~y7I~e11yl)-I -cyclohe,verlec~arboxj~lic 
acid 12 

Acid 12 was prepared from crude cornpound 11 by published 
procedure (70). obtained as a yellow oil (98%, crude), and used 
without further purification in the preparation of ester 13; CIMS 
(NH3) rt~/z: 294 (MH' + NH,), 276 (M'), 259 (MHC - OH). 

Mi.\-rirre of rr~ethyl 3-o.vo-6(2,3-dirr1ethos~~p/1e11yl)-l- 
cycloheser~e-1-cur00,q~lote trnd rt1ethyl5-o.vo-2-(2.3- 
clir~1ethox.v~7/1en?.I)-I -cyc.lo/1excr1e-I-c~crr0ox~~lrrte 13 

K2COI (40.0 g, 0.29 mol) and Me1 (25 mL, 0.4 mol) were added 
to a solution of acid 12 (44 g,  crude, 0. 15 mol) in anhydrous THF 
(250 mL). The mixture was refluxed for 4 h under N?. After cool- 
ing, K7C03 was removed by filtration and washed with Et,O. The 
filtrate was evaporated to give a residue that was dissolved in ethyl 
acetate. The organic layer was washed with brine and dried 
(Na,SO,) to give, after evaporation, 42 g of a brown oil. The 
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In ethanol 

FIG. 1. CD spectra of N-acetylcolchinyl methyl ether 2 and its analogs 8a,0 and 4 7 ~ 1 .  (----) 8 ~ ;  ( - - - - )  80; (-.-) N-acetylcolchinyl 
methyl ether 2: (-.-.-.) 470. 

TABLE I. Chemical shifts (ppm) of proton H(5) and its vicinal 
coupling constants (Hz), J,,,;, and J,,,,, in (S)-5-acetamidodeami- 
nocolchinyl methyl ether 8u and (S)-5-aminodeaminocolchinyl 

methyl ether 47rr in different solvents 

aR Conformation aS Conformation 

6H(5) J5,60 J5.6b 6H(5) j 5 . h ; l  J3.6h 

ppm Hz Hz ppm Hz Hz %aR 
- - -  - 

(S)-5-Acetamidodeaminocolchinyl methyl ether 80 

Methanol-d, 4.44 12.4 6.6 Not determined -93 
Acetone-d, 4.62 12.2 6.1 Not determined -92 
Chloroform-d 4.59 12.2 6.2 5.00 -0 6.2 -46 

(S)-5-Aminodeaminocolchinyl methyl ether, HCI salt 4 7 ~ 1  

Methanol-d, 3.90 1 1.8 6.3 Not detem~ined -95 

product was chromatographed (SiO?, eluent ethyl acetate - hex- 
anes 1 :4 ,  then 3:7) ,  giving a yellow oil that was crystallized from 
iPrOH - petroleum ether as pale yellow crystals (21%): mp 77- 
78°C; IR (CHCI,): 30 10, 2960 (CH,), 1730 (C=O), 1685 (C=O), 
1590 (Ph), 1480 (-CHZ-), 1290-1200 (Ph-0-CHI) cm-I; 'H NMR 
(CDCI,) 6: 1.63-2.04 (nl, 2H, CH,), 2.23-2.4 (m, 4H, CH,), 3.62 
(s, 3H, CH,O), 3.8 (s, 3H, CH,O), 3.87 (s, 3H, CH,O), 4.52 (br 
t, J = 4.3 Hz, IH, Ph-CH), 6.47 (dd, J = 7.6 and 1.4 Hz, IH, 
4'-H), 6.77 (dd, J = 8.2 and 1.4 Hz, IH, 6'-H), 6.85 (s, lH,  
COCH=), 6.88 (t, J = 8.0 Hz, IH,  5'-H); CIMS (NH,) nz /z :  
308(MHT + NH,), 291 (MH'), 259 (M' - OCH,). Anal. calcd. 
for C1,HIX05 (290.3): C 66.19, H 6.25; found: C 66.10, H 6.27. 

Methyl 4-l~dros~~-2',3'-rlitnethos~~-I, 1'-Dil>herzyl-2- 
cczrbox)~lcrtr 14 

Ethyl ester 13 (2.0 g, 7.2 mmol) was pulverized and thor- 
oughly mixed with Pd black (I .0 g,  9 .4 mmol). This powder was 
heated to 200°C in a Kugelrohr apparatus under moderate vacuum 
(20 Tom; 1 Tom = 133.3 Pa). After 15 min, high vacuum (0.1 Tom) 
was applied and the product was distilled for 1 h to give a color- 
less oil (1.6 g). The residue remaining in the round-bottom flask 
was dissolved in EtO, and the Pd removed by filtration through 
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TABLE 2. Inhibitory effects of colchicine analogs 
on tubulin polyn~erization 

Agent ICF, (WM) (2S .D . )  

Colchlcine 2.4 i 0.08 
I -De~nethyIcolch~cine 6.8 t 0.5 
2-Den~ethylcolchicine 3.7 2 0.3 
3-Demethylcolchicinc 2 9 + 0 5  
Deacetylcolchicine 3.3 + 0.4 
Deacetamidocolch~cine 2.6 i 0.3 

2 1.5 * 0.2 
3 1.9 ? 0.3 

4 >50 
5 23 + 6 
6 > 50 
7 > 50 
23 >50 
29 9 . 4 ?  I 
40 >50 
43 15 + 2 
46 >SO 

80 >50 
86 >50 
47~1  > 50 

Cellte. The product was then chromatographed (SiO,, ethyl ace- 
tate - hexancs 3.7) to give 200 mg more of oil. Total product 1.8 
g (91%); IR (CHCI,): 3600-3100 (OH), 2940 (CH,), 1720 (C=O). 
1600, 1570 (Ph), 1470, 1430, 900 cm-';  CIMS (NH,) rn/z: 289 
(MH'), 288 (Mt) ,  257 ( M ~  - OCH,). 

Methyl 2' .3' ,4'-trirnefl~o,\-v-I. 1 ' -bipher~~vl-2-cnrbox~~l~~fe 15 
Carboxylate 15 was prepared by published procedure (70) as a 

pale yellow oil (69%): IR: CHCI,): 3000,2940,28 15 (CH,), 1720 
(C=O), 1605, 1580 (Ph), 1465, 1300-1200 (CH,-0-) cm-I; 'H 
NMR (CDCI,) 6: 3.47 (s, 3H, CH30) ,  3.66 (s, 3H, CH,O), 3.87 
(s, 3H, CH30), 3.88 (s, 3H, CH,O), 6.8 1 (dd, J = 1.5 and 7.7 Hz, 
I H, 4'-H), 6.9 1 (dd, J 1.5 and 8.2 Hz, I H, 6'-H), 7.07 (dd, J = 
2.8 and 8.5 Hz, IH, 5-H), 7.08 (t, J = 7.9 Hz, IH, 5'-H), 7.27 
(d, J = 8.4 Hz, IH, 6-H), 7.43 (d, J = 2.8 Hz, IH,  3-H); EIMS 
rn/z: 302 (M'), 27 1 (Mi - CH,O). 

2',3' ,4'-Trirr1et11o~v.v-l, I '-0i1~/1er1yI-2 -r11et/7~101 16 
. . Prepared by published procedure (7b) as a colorless oil (8248%);  

IR (CHCI,): 3460 (OH), 3000,2940,2820 (CH,), 1600, 1575 (Ph), 
1460, 1250 (CH,-0-) cm-':  'H NMR (CDCI,) 6: 3.47 (s, 3H, 
CH,O), 3.85 (s, 3H, CH,O), 3.89 (s,, 3H, CHIO), 4.34 (br s, IH, 
CH,), 4.38 (br s, IH, CH,)! 6.77 (d, J = 1.4 and 7.6 Hz, IH, 
4'-H), 6.89 (dd, J = 2.7 and 8.4 Hz, 1 H, 5-H), 6.93 (dd, J = 1.4 
and 8.2 Hz, IH, 6'-H). 7 -10  (t, J = 7.9 Hz, IH, 5'-H). 7.1 I (d, 
J = 2.7 Hz, IH, 3-H), 7.15 (d, J = 8.4 Hz, IH, 6-H); CIMS (NH,) 
))I/:: 274 (M '), 257 (M'  - OH). 

2'  .3' ,4-Trirrletho.vy-I, 1'-0il)/wr1yl-2-cc11'0nlcIc~/l~ 17 
Aldehyde 17 was prepared by p~lblished procedure (70) as pale 

yellow crystals (65%): nlp 81-83°C; IR (CHCI,): 3000.2940, 2840 
(CH,), 1680 (C=O), 1610 (Ph), 1470, 1260 (CH,-0-) cm-I; ' H  
NMR (CDCI,) 6: 3.47 (s, 3H, CH,O), 3.91 (s, 3H, CH,O), 3.92 
(s, 3H, CH30), 6.87 (dd, J = 1.4 and 7.6 Hz, I H, 4'-H), 6.99 (dd, 

I J =  1 . 3 a n d 8 . 3 H ~ , I H , 6 ' - H ) , 7 . 1 4 ( t , J = 7 . 9 H z , I H , 5 ' - H ) ,  
! 7 . 1 9 ( d d , J = 2 . 8 a n d 8 . 4 H z , I H , 5 - H ) , 7 . 3 2 ( d . J = 8 . 4 H z , I H ,  

6-H), 7 -52  (d, J = 2.7 Hz, IH, 3-H), 9.8 (s, IH, CHO); CIMS 
(NH,) rn/z: 290 (MHt + NH,), 273 (MH'). Aldehyde 17 was also 
characterized as its 2,4-dinitrophenylhydrazone derivative. which 
crystallized in EtOH to give orange crystals; mp 233-234°C; CIMS 
(NH,) rn/z: 453 (MHi), 270 ( M ~  - (NH - Ph(NO,),). 

Efhyl 3-(2',3',4-frirnerhuxy-l ,l'-bipher1~~l-2-yl)pr-o1~-2- 
erloLlte 18 

Ester 18 was prepared by published procedure (7a) (95%) and 
crystallized from iPr,O as white crystals: mp 86-87°C; IR (CHCI,): 
3000 (CH,), 1705 (C=O), 1635 (CH=CH), 1605 (Ph), 1470 cm- I; 
'H NMR (CDCI,) 6: 1.09 ( t ,  J = 7.2 Hz. 3H, CH,), 3.34 (s, 3H, 
CH?O), 3.70 (s, 3H, CH,O), 3.73 (s, 3H, CH,O), 4.00 (q, J = 
7.2 HZ, 2H, CH?), 6.18 (d, J = 15.9 Hz. IH, =CHCO), 6.55 (dd, 
J = 1.5 and 7.6 Hz, 4'-H), 6.77 (dd, J = 1.5 and 8.3 Hz, IH, 
6'-HI, 6.8 (dd, J = 2.7 and 8.5 Hz, IH, 5-H), 6.90 (t, J = 7.9 Hz, 
1H, 5'-H), 7.04 (d, J = 2.6 Hz, IH, 3-H). 7.08 (d, J = 8.5 Hz, 
IH. 6-H), 7.38 (d, J = 15.9 Hz, IH, Ph-CH=); CIMS (NH,): 342 
(M ' 1, 297 (M' - OEt). Anal. calcd. for C2,)HZ205 (342.38): C 
70.16, H 6.48; found: C 70.18, H 6.54. 

Efhyl 2 '  ,3' ,4-tr-inze1/1o.r~1-1, l'-0iJ~/~eriyl-2 -I)ropiorlute 19 
Prepared by published procedure (70) as a colorless oil (99%): 

IR (CHCI,): 3000, 2940 (CH,), 1730 (C=O), 1610, 1580, 1470, 
1260, 1200 c m l ;  ' H  NMR (CDCI,) 6: 1.01 (t, J = 7.2  Hz, 3H, 
CHI), 2.27 (dt, J = 3 and 8.1 Hz, 2H, CH,COO), 2.64 (t, J = 
8 HZ. 2H, PhCH,), 3.34 (s, 3H, CH,O), 3.66 (s, 3H, CH,O), 3.73 
(s, 3H. CH,O), 3.87 (q, J = 7.2 Hz, 2H, COOCH,), 6.58 (dd, 
J = 1.5 and 7.6 Hz, IH, 4'-H), 6.62 (dd, J = 2.7 and 8.3 Hz, IH, 
5-H), 6.67 (d, J = 2.7 Hz, IH, 3-H). 6.75 (dd, J = 1.5 and 
8.2 HZ, IH, 6'-H), 6.90 (t, J = 7.8 Hz, IH, 5'-H), 6.94 (d, J = 
8.1 Hz, IH, 6-H); CIMS (NH,) mlz: 345 (MH'), 344 (MI) ,  316 
(MH' - Et), 299 (Mi - OEt). 

2',3',4-Trimethoxy-I, l'-bi~~/~er1~1-2-propio,1ic acid 20 
Acid 20 was prepared by published procedure (70) as white 

crystals (100%): mp 147- 14X°C; IR (CHCI,): 3000, 2940, 2840 
(CH,), 1705 (CEO), 1605, 1575 (Ph), 1500, 1465, 1260, 1200 
(CH,-0-1; CIMS (NH,): 316 (M'), 299 (Mi - OH), 271 (Mi - 
COOH). Anal. calcd. for Cl,H200S (316.36): C 68.34. H 6.37; 
found: C 68.16, H 6.39. 

6,7-Dihydro-1,2,9-tritr7erirrlfho,vy-5 H-diber1zo[a,c]cyclohe~)rer1-5- 
or1c 21 

Acid 20 (3.0 g, 9.5 mmol) was added to (CF3C0)20 (30 rnL) and 
the solution containing undissolved material was cooled to 0-5°C. 
CF3COOH (25 mL) was added slowly under argon. The solution 
was stirred at low temperature and the reaction was followed by GC. 
After 2 h, additional (CFICO),O (30 mL) was added. The reac- 
tion was stopped after 5 h. The solvent was evaporated, the resi- 
due diluted with EtOAc and washed with NaHCO, solution, brine, 
and dried (Na2S0,). Evaporation of solvent gave 2.7 g of yellow 
oil, which was chromatographed (SiO,, ethyl acetate - hexanes 
2 :3) .  Ketone 21 was recrystallized from the same solvent system 
to give 2.62 g of white crystals (92%): mp 127-128°C; IR (CHCI,): 
3000, 2940 (CH,), 1675 (C=O), 1620, 1590 (Ph), 1510, 1480, 
1465, 1300-1200 cni-I; 'H NMR (CDCI,) 6: 2.7-3.04 (br n ~ ,  3H, 
CH?), 3.06-3.24 (m, IH, CH,), 3.49 (s, 3H, CH30), 3.84 (s, 3H, 
CHIC)), 3.94 (s, 3H, CH,O), 6.8 1 (d, J = 2.4 Hz, 1 H, 8-H), 6.84 
(dd, J = 2.7 and 8.5 Hz. IH, 10-H). 6.93 (d, J = 8.5 Hz, IH, 
3-H), 7.36 (d, J = 8.5 Hz, IH, 4-H), 7.5 (d, J = 8.4 Hz, 1 I-H); 
CIMS (NH,) rn/z: 299 (MH'). Anal. calcd. for C l n H l n 0 4  (298.3): 
C 72.46, H 6.08; found: C 72.33, H 6 .  l I. 
6.7-Dil1yclr-o-l,2,9-trirr1erhox~1-5 H-diber~zo[a,c]cyclo/~e~~ter~-5- 

01 22 
Prepared by published procedure (70) as a colorless oil (99%): 

IR (CHCI,): 3600,3480 (OH), 3020,2940,2850 (CH?), 16 10, 1580 
(Ph), 1500, 1480, 1460, 14 10 (CHI), 1250- 1200 (Ph-0-CHI), 
1100. 1020 cm-I; 'H NMR (CDCI,) 6: 2.3-2.65 (m,  4H, CHI), 
3.5 (s, 3H. CH,O), 3.85 ( s .  3H, CH,O). 3.9 1 (s. 3H, CH,O), 4.44 
(dd, J - 7 Hz, 1 H, CH OH), 6.8 (d, J = 2.6 Hz, 8-H), 6.84 (dd, 
J = 2.7 and 8.4 Hz, IH. 10-H), 6.95 (d, J = 8.4 Hz, 3-H), 7.34 
(d. J = 8.4 HL, 4-H), 7.45 (d, J = 8.4 Hz, I I-H); CIMS (NH3) 
rrrlz: 283 (MH' - HIO). 

/,2,9-Trir11~tI10.vy-7H-cliber1zo[a,c]cy~'lo/1epfer1e 23 
Alcohol 22 (140 ~ n g ,  0.5 mmol) was heated for 3 h at 190-200°C 

in a Kugelrohr apparatus irl vtrc~ro. The residue was dissolved in 
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Et,O and filtered through cclitc filtration aid. Evaporation of the 
filtrate gave an oil, which was chrotnatographed on SiOz. Elution 
with ethyl acctatc - hexanes 3:7 gave 30 mg of the dehydrated 
product and 80 rng of starting material, which was reacted again. 
Total yield 42.6% of white crystals recrystallized from MeOH: mp 
114- 115"C, IR (CHCI,): 3000,2940,2840 (CH,), 1610 (Ph), 1500, 
1480 (-CH,-, -CH=CH,), 1300-1200 (Ph-0-CH,), 1 100 c n i l ;  'H 
NMR (CDCI,) 6: 2.83 (ddd, J  = 2. I, 5.4, and 12.6 Hz, 1 H, 7-H), 
3.11 (dd , . l=  8.2and 12.8Hz. 1H,7-H),3.5(s,3H,CH30),3.84 
(s, 3H, CH,O), 3.94 (s, 3H, CH30), 6.14 (m, 1 H, 6-H), 6.49 (dd, 
J  = 1.6 and 10.1 Hz, 5-H), 6.75 (d, J  = 2.5 Hz, IH, 8-H), 6.78 
(dd, J = 2.7 and 8.5 Hz, IH, 10-H), 6.93 (d, J  = 8.5 Hz, IH, 
3-H), 7.04 (d, J = 8.5 Hz, IH, 4-H), 7.65 (d, J  = 8.4 Hz, IH, 
I I-H); CIMS (NH,) tn/z: 283 (MH'). Anal. calcd. for 
C I X H I B 0 3 ' H 2 0  (300.34): C 71.98, H 6.71; found: C 72.01, H 6.37. 

6,7-Dilzydro-l,2,9-rr.itnetl1osy-5 H-dibetzzo[a,c]cj~clohe~~tene 4 
Prcpared by published procedure (70) (89%), giving white 

crystals after recrystallization from methanol: mp 80-81°C; IR 
(CHCI,): 3020, 2940, 2840 (CH,), 16 10 (Ph). 1505- 1450 (-CHI-), 
1300- 1200 (Ph-0-CH,), 1 1 10, 1020, 800-700 cm--I; 'H NMR 
(CDCI,) 6: 1.98-2.1 (ni, 2H, CH2), 2.15-2.32 (m, IH, CH?), 
2.35-2.55 (ni, 3H, CH?), 3.49 (s, 3H, CH30), 3.85 (s, 3H, CH,O), 
3.89 (s, 3H, CH,O), 6.80 (d, J  = 2.7 Hz, 1 H, 8-H), 6.82 (d, J = 

8.3 Hz, IH, 4-H), 6.85 (dd, J  = 2.7 and 8.4 Hz, IH, 10-H), 6.91 
(d, J =  8.2 Hz, lH,  3-H), 7.47 (d, J =  8.4 Hz, lH,  I I-H); CIMS 
(NH,) ttz/z: 302 (MH' + NH,), 285 (MH'). 

Sjltzthesis of DBCH 5 (Schetne 2) 

6,7-Dihydro-l,2,3,9-tetramc.thoxy-5 H- 
rlibenzo[a,c]cj~clohepret~-5-osirne 2 5  

A solution of sodium acetate (150 nig, 1.8 mmol) and hydrox- 
ylamine hydrochloride (126 mg, 1.8 mmol) in EtOH (50 mL) was 
added to 24 (300 mg, 0.9 mmol) in EtOH (100 mL) and retluxed 
for 12 h. EtOH was evaporated, the residue dissolved in Et,O and 
washed with NH,CI solution, brine, and dried (Na2S0,). Evapo- 
ration of the solvent gave a white foam that was recrystallized from 
ethyl acetate - hexanes 1 : 4  to give only one conformational iso- 
mer of the oxime as brilliant white crystals (96%): mp 176°C; IR 
(CHC1,): 3600. 3300 (OH), 3000,2945, (CH,), 1615 (C=N), 1590 
(Ph), 1400, 1360, 1330, 1310, 1250 (Ph-0-CH,), 1120, 1090 cm-'; 
'H NMR (CDCI,) 6: 2.65-2.69 (m, 1 H, CH,), 2.82-2.92 (ni, 2H, 
CH?), 3.20-3.32 (IT], IH, CH,), 3.57 (s, 3H, CH,O), 3.85 ( s ,  3H, 
CH30), 3.94 (s, 3H, CHIO), 3.97 (s, 3H, CH,O), 6.80 (d, J  = 
2.7 Hz, IH, 8-1 I ) ,  6.82-6.87 (m, 2H, 4-H and 10-H), 7.4 1 (d, 
J  = 8.6 Hz, IH, I I-H); CIMS (NH,) ttz/z: 361 (MH' + NH,), 344 
(MH'), 328. 

5-Atnirzo-6.7-Dilzy~lro- 1,3,9-trittzetho,rj~-5 H- 
rlibetzzo[a,c]cj~cloI1eptet1e 27 

Oxime 25 (100 mg, 0.3 mmol) was dissolved in absolute iPrOH 
(50 mL) at 90°C under N?. Sodium (2 g, 86 mmol) was added in 
one portion and the mixture stirred at 90°C for 1 h. EtOH 95% 
(30 mL) was poured into the hot solution. The solvent was cvap- 
orated and H?O was added. The aqueous layer was extracted with 
Et,O (X3). The organic layer was extractcd with HC1 (5%). The 
acidic solution was made basic with NaOH (pellets) and the arnine 
extracted with Et20.  The organic layer was washed with H,O and 
dried (Na,CO,). Evaporation gave the amine as a colorless oil, 
90 nig (100'7~): IR (CHCI,): 3700, 3500. 3400 (-NH?). 1600 
(CH-NH?), 1460 (-CH?-), 1340. 1290, 1260- 1200 (Ph-0-CH,), 
1150, 1055 cm-I; 'H NMR (CDCI,) 6: 1.9-2.04 (m, IH, CHI), 
2.3-2.6 (m, 3H, CH?). 3.69 (s, 3H. CH,O), 3.71 (s, 3H, CH30).  
3.76 (s, 3H, CH,O), 3.81 (m, IH, CHNH,), 6.45 (d, J  = 1.9 Hz, 
1 H, 2-H), 6.70 (dd, J = 2.6 Hz, IH, 4-H), 6.76 (m, 1 H, 8-H), 6.77 
(dd, .I = 2.7 and 8.4 Hz, 1H. 10-H), 7.31 (d, J  = 8.4 Hz, IH. 
I I-H); CIMS (NH,) m/z: 300 (MH'), 283 (MH' - NH,). 

-5-Ditneth~/atnit1o-6,7-dihydro-/,3.9-tritnetho.ry-5 H- 
dibetzzo[a,c]q~c/oI1eptetz 28a, 5-tritnethy/attzit10-6,7-dihpdro- 
1,3,9-trimet110.r~~-5 H-rlirf~~tzzo[a,c]c~c.lolzc~~~ren iorlirfc 28b, 
~itzd I ,3,9-trittzetho~y-5 H-dibenzo[a,c]cj~cloI~e~~te~~e 29 

Me1 (6 mL) was added to a solution of 27 (190 mg, 0.63 mmol) 
and t BuOK (80 mg, 0.7 1 mmol) in THF (50 mL). The mixture was 
stirred at room temperature for 24 h and the insoluble material fil- 
tered. The quaternary ammonium salt 2811, which is soluble in THF, 
was obtained after evaporation of the solution. Ethylene glycol 
(4 mL), HzO (4 niL), and KOH ( I0 g) wcrc added and the mixture 
was stirred at 190°C for 4 h. After cooling, the solution was di- 
luted with H,O and extracted with Et,O; the organic layer was 
washed with H 2 0  until neutral and dried (K,CO,). Evaporation of 
the solvent gave an oil (200 mg), which was chromatographed 
(SiO,. ethyl acetate - hexanes 1 : 4, 3 : 7,  1 : I) to give olefin 29 
(30 mg) and the dimethylamino compound 280 (70 mg) as an oil. 
28u was reacted again with Me1 (2 mL) in ethyl ncctate at room 
temperature for 48 h and the mixture directly submitted to Hofmann 
elimination under the conditions described above to give 20 mg 
more of olcfin 29 (total yield 28%). 29 was crystallized from 
MeOH/H,O as white crystals: nip 98-99°C. IR (CHCI,): 3500, 
3440, 3000, 2940, 2840 (CH,), 1600, 1460 (-CH,-), 1410, 1260, 
1240- 1200 (Ph-0-CH,), 1 160, 1090, I060 c m  I; 'H NMR (CDCI,) 
6: 2.84 (ddd, J = 2.0, 5.5, and 12.7 Hz, I H, 7-Ha), 3.1 (dd, J  = 
8.1 and 12.7 Hz, IH, 7-Hb), 3.81 (s, 3H, CH,O), 3.83 (s, 3H, 
CH,O), 3.86 (s, 3H. CH,O), 6.22 (ddd, J  = 5.4, 8. I ,  and 13 Hz, 
IH, 6-H), 6.44 (d, J  = 2.6 Hz, IH, 2-H), 6.47 (d, .I = 13.3 HZ, 
IH, 5-H). 6.52 (d, J  = 2.5 Hz, IH, 4-H), 6.75 (m, IH, 8-H), 6.77 
(dd, J  = 2.8 and 8.6 Hz, IH, 10-H), 7.56(d, J  = 8.3 Hz, IH,  
I I-H); CIMS (NH,) tn/z: 283 (MH'). 280: IR (CHCI,): 3000, 
2940,2840 (CH,), 1600 (CH-N), 1450 (-CHI-), 1420, 1320, 1240- 
1200 (Ph-0-CH,), 1150 cm-'; ' H  NMR (CDCI,) 6: 2.04-2.1 (br 
m, 4H, CH?), 3.75 (s, 6H, NCH,), 3.84 (s, 6H, CH,O), 3.92 (s, 
3H, CH30),  3.99 (ni, IH, 5-H), 6.49 (d, J = 1.8 Hz, 1 H, 2-H); 
MS (CI/NH,) tn/z: 328 (MH'), 283 (MH' - NH(CH3),). 

6.7-Dilzydro- 1,3,9-1rimetl1o.uy-5 H-diber1zo[a,c]cycloheptet1e 5 
Frotn 26: alcohol 26 (80 mg, 0.24 ~nmol)  was dissolved in ab- 

solute iPrOH (40 mL) and heated at l 10°C under N2, Sodiuni 
(3 g,  129 mmol) was added and the mixture stirred at 110°C for 
4 h, then at room temperature for 12 h. The unreacted sodium was 
removed and the reaction was quenched with iPrOH/H,O. Most 
of the iPrOH was evaporated. H?O (30 mL) was added, and the 
products were extracted with Et,O. The organic layer was dried 
(Na2COI), filtered, and evaporated to give an oil, which was 
chromatographed (SiOz, ethyl acetate - hexanes 1 :9 ,  3:7). Com- 
pound 5 (10 mg, 15%) was crystallized from petroleum cther as 
white crystals. Alcohol 30 was obtained as a translucide oil 
(53 nig, 73%). 

Cotrz/1o~trzd5: mp 109-1 10°C; IR (CHCI,): 3010, 2940, 2860, 
2840 (CH,), 1610, 1590, 1470 (-CH,-), 1430, 1350, 1330, 1300, 
1260, 1240-1200 (Ph-0-CH,), 1 160, 1090, 1070 cm- ' ;  'H NMR 
(CDCI,) 6: 2.04-2.15 (m, 2H, CH2), 2.25-2.5 1 (m, 4H, CH2), 
3.77 (s, 3H, CH,O), 3.84 (s, 3H, CH,O), 3.85 (s, 3H, CH,O), 6.43 
(d, J  = 2.4 Hz, IH, 2-H), 6.48 (d, J  = 2.4 HZ, IH, 4-H), 6.79 
(d, J  = 2 .6  Hz, IH, 8-H), 6.83 (dd, J  = 2.8 and 8.4 Hz, IH, 
10-H), 7.41. (d, J  = 8.4  Hz, IH, I I-H); CIMS (NH,) tn/z: 285 
(MH'). 

Cot~ll~o~rrld 30: IR (CHCI;): 3620, 3020, 2940, 1610 (Ph). 1460, 
1430, 1320, 1300, 1220 (br), 1160, 1050 cm-'; I H  NMR (CDCI,) 
6: 1.72 (br s ,  IH,  OH), 1.88-2.0 (m, IH, CH,), 2.4-2.6 (rn, 3H, 
CH,), 3.77 (s, 3H, CH30) ,  3.84 (s, 3H, CH,O), 3.89 (s, 3H, 
CH30) ,  4.49 (dd, J = 6.3 and l I. l Hz, l H, 5-H), 6.52 (d, J  = 
2.4 HZ, IH,  2-H), 6.80 (d, J  = 2.5 HZ, IH, 8-H), 6.82 (dd, J = 
2.7 and 8.3 Hz, IH, 10-H), 6.89 (d, J  = 2.4  Hz, IH, 4-H), 7.39 
(d, J  = 8.2 Hz, IH, 1 I-H); CIMS (NH,) tt~/z: 301 (MH' ) ,  2.83 
( M H '  - H ~ o ) .  

Ft-otn 29: olefin 29 (21 mg, 0.07 mmol) in acetic acid (4 mL) 
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was hydrogenated at I atm (101.3 kPa) for 3 h in the presence of 3H, CH30), 4.22 (q, J = 7.1 Hz, 2H, CH?), 6.37 (d, J = 15.9 Hz, 
Pd black (20 mg). After filtration of the catalyst on Celite and IH, =CH-CO), 6.81 (d, J = 1.9 Hz, IH, 2'-H), 6.82 (dd, J = 
evaporation of the filtrate, the residue was dissolved in EtlO. I .9 and -8 Hz, lH,  5-H), 6.93 (d, J = 8 Hz, lH, 6-H), 6.99 (dd, 
washed with brine, and dried (Na2C0,). Evaporation of the sol- J = 2.5 and 8.5 Hz, IH, 6'-H), 7.17 (d, J = 2.6 Hz, IH, 3-H), 
vent gave an oil, which was crystallized from petroleum ether to 7.31 (d, J = 8.5 Hz, lH, 5'-H), 7.76 (d, J = 16 Hz, lH, PhCH=); 
give 5 as white crystals (20 mg, 95%). CIMS (NH,) rn/z: 360 (MH' + NH,), 343 (MH'), 297 (MH' - 

S~~tztlzesi~ Of DBCH 6 (Scketne 3) OEt). Anal. calcd. for CzoH2,0,: C 70.16, H 6.48: found: C 70.11, 
H 6.53. 

2-(2,5-Ditnet11o~t~~~11et1\'1)-4,4-rlit~1ethyl-2-o,\-a-.olit1e 32 
Oxazoline 32 was prepared according to Meyers' procedure (16). 

The first acyl chloride intermediate (16), precursor of 32, was dis- 
tilled in a Kugelrohr apparatus at 105°C and 0.05 Torr. The oxa- 
zoline 32 was purified by distillation in the same manner at 120°C 
and 0.05 Torr and obtained as a translucent oil (93.4%, 100% pure 
by GC): IR (CHCI,): 2960 (C-H), 1640 (C=N), 1490, 1460. 1420, 
1200 (Ph-0-CHJ, 1140 (C-0) cm-'; 'H NMR (CDCI,) 6: 1.39 (s, 
6H, CH,), 3.78 (s. 3H, CH,O), 3.83 (s, 3H, CH,O), 4.09 (s, 2H, 
CH,), 6.88 (d. J = 9.1 Hz, 1H. 3'-H). 6.95 (dd. J = 3 and 9 Hz. 
IH,-4'-H), 7.27 (d, J = 3 Hz, IH, 6'-H); CIMS (NH,) rn/z: 236 
(MH + ) .  

4,3',4'-Tritnetl1osy-2-o.~azolit1yl- I ,  1'-bipketzyl33 
Magnesium (4.0 g, 0.17 mmol) and a few crystals of iodine were 

added to a three-neck, flame-dried, round-bottom flask under argon 
and heated at 40°C. 4-Bromoveratrole (26 g, 0.12 mol) dissolved 
in anhydrous THF (150 mL, distilled over LiAIH,) was added 
dropwise while the temperature was raised to 80°C. The black 
mixture was stirred at 80°C for 2 h. 32 (7.0 g,  0.03 mol), dis- 
solved in anhydrous THF (100 mL), was added slowly to the 
Grignard reagent and the mixture stirred under argon at room tem- 
perature for 30  h. An aqueous solution of N H , ~ I  (100 mL) was 
added, followed by H,O (150 mL), and the product was extracted 
with Et,O. The organic layer was washed with brine and dried 
(MgSO,). Evaporation of solvent gave a yellow oil, which was 
distilled in a Kugelrohr apparatus. Most of the impurities and 
nonreacted starting material distilled between 80°C and 120°C at 
0.05 Torr while the crude product remained in the flask. Oxazo- 
line 33 was purified by chromatography (SOZ,  ethyl acetate - 
hexanes 3.7,  1 : I )  to give 8.5 g of yellow oil, which crystallized 
after drying (84%, 100% pure by GC): mp 73-75°C; IR (CHCI,): 
3000, 2970 (C-H), 1640 (C=N), 1600, 1490, 1250- 1200 (Ph-0- 
CH,), 1040 c m ' ;  'H NMR (CDCI,) 6: 1.3 1 (s, 6H, CH,), 3.82 (s, 
2H, CH?), 3.86 (s, 3H, CH,O), 3.88 (s, 3H, CH30), 3.91 (s, 3H, 
CH,O), 6.89 (m, 2H, 6-H, 2'-H), 6.92 (dd, J = 2 and 8. I Hz, IH, 
5-H), 7.01 (dd, J = 2.8 and 8.5 Hz, IH, 6'-H), 7.22 (d, J = 

2.7 Hz, IH, 3-H), 7.28 (d, J = 8.3 Hz, IH, 5'-H); CIMS (NH,) 
t71/s: 342 (MHt).  Anal. calcd. for C20H2,0,N: C 70.36, H 6.79, 
N, 4.10; found: C 70.09, H 6.75, N 3.99. 

3',4',4-Trit~letlzo,t:~~- I ,  I'-bi~~hetq~l-2-cnrbaltlel~yde 34 
Aldehyde 34 was prepared according to Meyers' procedure ( 1  6), 

purified by column chromatography (SiO,, ethyl acetate - hex- 
anes 1 :4), and obtained as white crystals (30%, 100% pure by GC): 
mp 98°C; IR (CHCI,): 3000, 2950 (C-H), 1680 (C=O), 1600, 
1480, 1460, 1250-1200 (Ph-0-CH,), 1020, 900 cm-I; 'H NMR 
(CDCI,) 6: 3.92 (s, 3H, CH,O), 3.93 (s, 3H, CH30), 3.96 (s, 3H, 
CH,O), 6.89 (m, 2H, 2'-H, 5-H), 6.97 (d, J = 8.7 Hz, 1 H, 6-H), 
7.21 (dd, J = 2.8 and 8.5 Hz, IH, 6'-H), 7.40 (d, J = 8.6 Hz, lH, 
5'-H), 7.5 (d, J = 2.8 Hz, lH,  3-H), 10.0 (s, 1 H, CHO); CIMS 
(NH,) m/z: 273 (MHI), 255 (MHt - H,O). Anal. calcd. for 
C,,HI(,O,: C 70.58, H 5.92; found: C 70.39, H 5.96. 

Etlzyl 3-(3' ,4,4'-tritt1etl1o,t;y-l, I ' - l ~ i ~ ~ h e t z ~ ~ l - 2 - y l ) ~ ~ r o ~ ~ - 2 -  
etzoclte 35 

Ester 35 was prepared by published procedure (7a) and ob- 
tained as white crystals after purification by column chromatog- 
raphy (SiO,, ethyl acetate - hexanes 1 :4) (79%): Inp 74-75°C: IR 
(CHCI,): 3020-2800 (CH,), 1710 (C=O), 1640 (-CH=CH-), 1600 
(Ph), 1500, 1470, 1440, 1340-1 140, 1030 cni-'; 'H NMR (CDCI,) 
6: 1.29 (t, J = 7.1 Hz, 3H, CH,), 3.88 (s, 6H, CH30),  3.93 (s, 

Etlzyl 3 ' ,4 '  ,4-tritnetho.~y-I, I'-bil~/1otzy/-2-prol~iot~nte 36 
Ester 36 was prepared by published procedure (70) (91%): IR 

(CHCI,): 30 10-2820 (CH,), 1730 (CEO), 1600 (Ph), 1480, 1350- 
1120 c m ' ;  'H NMR (CDCI,) 6: 1.2 ( t ,  J = 7. I Hz, 3H, CH,), 2.43 
( t ,  J - 8 Hz, 2H, CH2CO), 2.92 (t, J - 8 Hz, 2H,PhCH,), 3.83 
(s, 3H. CH30), 3.88 (s, 3H, CH,O), 3.92 (s, 3H, CH,O), 4.07 (q, 
J = 7.2 Hz, 2H, OCH,). 6.78-6.84 (rn, 4H, 2'-H, 6'-H, 3-H, 5-H), 
6.9 (d, J = 8 HZ, 1 H, 6-H), 7.14 (d, J = 8.2 Hz, I H, 5'-H); CIMS 
(NH,) tn/z: 345 (MH'.) 300 (MH' - OEt). 

3',4',4-Tritnetho.~y-I, I'-bil~her~yl-2-l~t-o1~iot~ic trcid 37 
Acid 37 was prepared by published procedure (7tr) and ob- 

tained as a white powder (98.3%): mp 148-149°C: IR (CHCI,): 
3010, 2940 (CH,), 1710 (C=O), 1610 (Ph), 1490, 1360, 1290- 
1190, 1170, 1130 cm-"; 'H NMR (CDC13) 6: 2.48 (t, J - 8 Hz, 
2H, CH?CO), 2.93 (t, J - 8 Hz, 2H, PhCH,), 3.83 (s. 3H, CH,O), 
3.87 (s, 3H, CH,O), 3.92 (s, 3H, CH,O), 6.78-6.83 (m, 4H, 2'-H, 
6'-H, 3-H, 5-H), 6.9 (d, J = 8.3 HZ, lH,  6-H), 7.14 (d, J = 
8.2 HZ, IH, 5'-H); CIMS (NH,) tn/z: 334 (MH' + NH3), 317 
(MH'), 299 (MHt - H,O). Anal. calcd. for ClxH,oOs: C 68.34, 
H 6.37; found: C 68.17, H 6.40. 

6,7-Dih~~rlro-2,3,9-tritnethosy-5 H-dil~et~zo[a,c]cyclohe~~ten-5- 
one 38 

Acid 37 (5 10 rng, I .61 mmol) was suspended in (CF,C0)20 
(20 mL) at low temperature (ice + NaCI). CF,COOH (20 mL) was 
then added dropwise and the solution stirred for 2.5 h at O°C. The 
reaction was followed by GC. The solvent was evaporated, the 
residue taken up in ethyl acetate, washed with NaHCO, solution, 
brine, and dried (Na?SO,). Evaporation of the solvent gave an oily 
yellow compound, which was crystallized from ethyl acetate - 
hexanes and obtained as a white powder (450 mg, 93%): mp 142- 
143°C; IR (CHCI,): 3020, 2960,1940 (C-H), 1660 (C=O), 1600 
(Ph), 1500, 1460, 1440, 1350, 1290-1 120 (Ph-0-CH,), 1160 cm-I; 
'H NMR (CDCI,) 6: 2.94 (s, 4H, CH,), 3.86 (s, 3H, CH,O), 3.96 
(s, 3H, CH,O), 3.98 (s, 3H, CH,O), 6.82 (d, J = 2.6 Hz, IH, 8-H), 
6.86 (s, IH, I-H), 6.89 (dd, J = 2.7 and 8.5 Hz, IH, 10-H), 7.3 
(s, IH, 4-H), 7.35 (d, J = 8.5 Hz, I H, 1 1-H); CIMS (NH,) tn/z: 
299 (MH'). Anal. calcd. for Cl,HlxO,: C 72.47, H 6.08; found: 
7 2 . 2 6 , ' ~  6.12. 

6,7-Dihydro-2,3,9-rrimetho.r~~-5 H-dibetzzo[a,c]cyclo/~el~tetz-5- 
01 39 

Alcohol 39 was prepared by published procedure (70) and ob- 
tained as white crystals (92%): dec. >260°C; IR (CHCI,): 3620 
(OH), 3020, 2940 (CH,), 1610 (Ph), 1490, 1460 (-CH,-), 1290- 
I180 (Ph-0-CH3), 1150, 1130, 1050 cm-'; 'H NMR (CDCI,) 6: 
2.48-2.62 (m, 4H, CH,). 3.85 (s, 3H, CH,O). 3.92 (s, 3H, CH,O), 
3.96 (s, 3H, CH,O), 4.60 (dd, J = 6.9 and 9.8 Hz. IH, 5-H), 6.82 
(d, J = 2.6 Hz, IH, 8-H), 6.87 (s, lH,  I-H), 6.87 (dd, J = 2.7 
and 8.3 Hz, IH, 10-H), 7.2 (s, IH, 4-H), 7.27 (d, J = 8.5 Hz, lH, 
11-H); CIMS (NH,) tn/z: 300 (M'), 283 (MH' - HzO). 

2,3,9-Tritnethoxy-7 H-rlibet~zo[a,c]c~~cIo/z~~ptetze 40 
Cycloheptene 40 was prepared by published procedure (7a) and 

obtained as white crystals after recrystallization from MeOH/H,O 
(92%): mp 1 15-1 16°C; IR (CHCI,): 3020 (CH,), 1610 (Ph), 1500, 
1470 (-CH,-), 1290- 1 180 (Ph-0-CH3), 1 140, 1050 c m ' ;  'H NMR 
(CDCI,) 6: 2.93 (br s, 2H, CH,), 3.77 (s, 3H, CH,O), 3.86 (s, 3H, 
CH,O), 3.90 (s, 3H, CH,O), 6.02 (dt, J = 6.8 and 10 Hz, IH, 
6-H), 6.43 (d, J = 10 HZ, lH, 5-H), 6.70 (d, J = 2.7 HZ, IH, 8-H), 
6.72 (s, IH, I-H), 6.78 (dd, J = 2.7 and 8.6 Hz, IH, 10-H), 7.04 
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(s, IH, 4-H), 7.35 (d, J = 8.5 Hz, IH, I I-H); MS (CI/NH,) rrz/z: 
283 (MH'). Anal. calcd. for CI8Hl30, .0 .5 HZO: C 74.34, H 6.41; 
found: C 74.34, H 6.26. 

6.7-Di/zydr0-2.3,9-trirnetlzo.vj~-5 H-diberzzo[a,c/cj~clo/~e~~terze 6 
Dihydrocycloheptene 6 was prepared by published procedure (7cr) 

and crystallized as white crystals from MeOH-H,O (72%): mp 75- 
76°C; IR (CHCI,): 3010, 2940, 2860 (CH), 1600 (Ph), 1480, 1460 
(-CH,-), 1240, 1200 (Ph-0-CH,), 1150, 1130, 1050. 1020 cm- ' ;  
'H NMR (CDCI,), 6: 2.07 (m, 2H, CH,), 2.34-2.43 (m, 4H, CH,), 
3.77 (s, 3H, CH,O), 3.84 (s, 3H, CH,O), 3.85 (s, 3H, CH,O), 6.69 
(s, IH,  I-H), 6.73 (d, J = 2.7 Hz, IH, 8-H), 6.79 (dd, J = 2.7 
and 8.3 Hz, IH, 10-H), 6.81 (s, IH, 4-H), 7.21 (d, J = 8.3 Hz, 
IH, 1 I-H); CIMS (NH,) rn/z: 285 (MH'). 

Syrzthesis oj'DBCH 7 (Sclzerrze 4) 

(S)-5-Acerarnir/o-6,7-dilzj~dr-o-9,10, I I -1rirnet/zo.~j~-5 H- 
diberzzo[a,c/cyc~lolzep~erz-3-yl- 1-pherzyl-1 H-5-rerrcrzolyl 
ether 42 

A mixture of N-acetylcolchinol (2.0 g, 5 .6 minol), 5-chloro-l- 
phenyl-IH-tetrazole (1.4 g ,  7.7 mmol), and K2C03 (1.9 g, 
13.7 mmol) in DMF (50 mL, anhydrous, distilled over molecular 
sieves) was stirred under argon at 80°C for 6 h. then at room tem- 
perature for 3 days. H,O was added and a white solid precipitated 
that was collected by filtration, dissolved in CHC1,-iPrOH. and 
washed with brine. After drying (MgSOj) and evaporation of sol- 
vent, a yellow oil was obtained that was crystallized from Et,O to 
give a white powder (2.8 g ,  99%): mp 192-193°C [a]? - 100.2 
(e  = 0.51, MeOH); IR (CHCI,): 3500-3300 (-CO-NH-R), 3000, 
2940 (CH,), 1670 (C=O), 1600 (Ph), 1530, 1500, 1480, 1450. 
1230-1200, 1 150, 1 100 cm-';  'H NMR (CDCI,) 6: 1.53 (s, 
COCH3), 1.83- 1.95 (m, 1 H, CH,), 2.05 (s, COCH,), 2.32-2.55 
(m, 3H, CH,), 3.46 (s, 3H, OCH,), 3.84 (s, 3H, OCH,), 3.86 (s, 
3H, OCH,), 4.78-4.87 (m, 1H 82%, 7-H), 5.12 (m, 1H 18%, 
7-H), 5.22 (br d ,  NH), 5.87 (d, J = 7.8 Hz, NH), 6.59 (s, IH, 
4-H), 7.30 (dd, J = 2.7 and 8.5 Hz, IH, 10-H), 7.46 (d, J = 
2.6 Hz, 1 H, 8-H), 7.49-7.63 (m, 5H, Ph), 7.84 (d, J = 7.9 Hz, 
IH, I I-H); CIMS (NH,) rn/z: 502 (MH'). 

(S)-7-Acercrrt1ido-6,7-dihydr-o-1.2,3-rrirner/zoxj~-7H- 
diberzzo[a,c/cj~clohe~~tene 43 

A mixture of tetrazolyl ether 42 (2.8 g, 5.6 mmol) and 10%Pd/C 
(3 g) in AcOH (30 mL) was hydrogenated on a Parr apparatus at 
50°C under 50 psi (1 psi = 6.89 kPa) of H, for 48 h. The catalyst 
was filtered and washed with AcOH. After evaporation of solvent 
the residue was dissolved in CHCI, and washed with NaOH (5%). 
HzO, and dried (NaZS04). Evaporation gave a white powder 
(1.87 g) ,  which was recrystallized from ethyl acetate - hexanes 
(98%; 100% pure by GC): mp 189°C [a]: -33.1 (c = 0.68. 
MeOH); IR (CHCI,): 3440 (-CO-NH-R), 3000, 2940, (CH,), 1670 
(CEO), 1600, 1500, 1480, 1400, 1250- 1200 (Ph-0-CH,), 1 140, 
1 100 cm-I; ' H  NMR (CDCI,) 6: 1.58 (s,  COCH,), 1.67- I .84 (m, 
1 H, CH,), 2.06 (s, COCH,), 2.3-2.49 (m, 3H, CH,), 3.52 (s,  
CH,O), 3.58 (s, CH,O), 3.9 (s, 3H, CH,O), 3.93 (s,  3H, CH30),  
4.80-4.89 (m, IH 78%, 7-H), 5.16-5.18 (m, l H 22%. 7-H), 5.24 
(m,  NH), 5.75-5.78 (m, NH), 6.57 (s,  IH, 4-H), 7.25-7.4 (m,  
3H, Ph), 7.5 (m, IH, Ph); CIMS (NH,) m/z :  359 (MH' + NH,), 
341 (MH+).  

(S)-7-Arnirzo-6.7-dil1yclr-o-l,2.3-rrir~zetho.vy-7H- 
cliberzzo[a,ckyclohepterze 44 

Acetarnide 43 (1.8 g, 5.3 mmol) in H2SOj (20%. 100 tnL) and 
MeOH (50 mL) was refluxed for 3 days, when the reaction was 
found to be complete by GC. After cooling, the solution was made 
basic with NaOH (5%). then NaOH pellets. The product was ex- 
tracted with ethyl acetate, washed with H,O until ncutral, and dried 
(Na2S04). Evaporation of solvent gave an oil, which was chro- 
matographed ( S O Z ,  CHC1,-MeOH 95:5) to give 44 as white 
crystals ( 1.5 g ,  95%): mp 9 5 9 6 ° C ;  [a]'; -45 (c = 0.61, MeOH); 
IR (CHCI,): 3000, 2940 (CH,), 1600 (Ph), 1480. 1450, 1400, 1340, 
1250-1 180 (Ph-0-CH,), 1 140, 1090, 1000 cm-';  'H NMR (CDCI,) 

6: 1.68- 1.78 (m, 1 H, CH,), 2.28-2.5 (m, 3H, CH,), 3.64 (s, 3H, 
CH,O), 3.83-3.88 (m, IH, 7-H), 3.92 (s, 6H, CH,O), 6.60 (s, IH, 
4-H), 7.3-7.42 (m,  2H, 9-H, 10-H), 7.46 (d, J = 7.3 Hz, IH, 
8-H), 7.61 (d, J = 8.2 Hz, IH, I I-H); CIMS (NH,) r?z/z: 300 
(MH') ,  283 (MH' - NH,). 

1,2,3-Trirnetlzo.ry-5 H-diher~zo[a,c/cyclo/zepterte 46 
Amine 44 (250 mg, 0.84 mmol) was dissolved in a solution of 

anhydrous THF (10 mL) and Me1 (10 mL). rBuOK (200 mg, 
1.78 mmol) was added and the mixture stirred for 3 days at room 
temperature under argon. At this point the amount of ammonium 
salt 45 formed was very small and the mixture contained mainly 
the dimethyl amine derivative of 44. The inorganic material was 
removed by filtration and the filtrate was evaporated to give a yel- 
low oil that was stirred in Me1 (10 mL) for 2 days. The yellow 
precipitate formed was collected (I80 mg) and heated at 190°C for 
3 h in a solution of ethylene glycol (4 mL). H,O (4 mL), and KOH 
(10 g). After cooling, 20 mL of H,O was added and the aqueous 
phase was extracted with Et,O. The organic layer was washed with 
H20,  dried (MgSO,), and evaporated, leaving a yellow oil that was 
chromatographed (SiO,, ethyl acetate - hexanes 1 :4) to give 
100 mg of pure cycloheptene 46. Recrystallization from MeOH 
afforded white crystals (42%): mp 124-125°C; IR (CHCI,): 3000, 
2940 (CH,), 1590 (Ph), 1480, 1400, 1330, 1250- 1 180 (Ph-0-CH,), 
1140, 11 10, 1090, 1000 cm-I; 'H NMR (CDCI,) 6: 2.78 (dd, J = 
5.5 and 12.9 Hz, IH,  5a-H), 3.05 (dd, J = 8.1 and 12.9 Hz, IH, 
5b-H), 3.45 (s, 3H, CH,O), 3.90 (s, 3H, CH,O), 3.91 (s, 3H, 
CH30),  6.24 (m,  1 H, 6-H), 6.56-6.58 (m, 2H, 4-H, 7-H), 7.26- 
7.33 (m, 3H, 8-H, 9-H, 10-H), 7.81 (d, J = 7.5 Hz, IH, I I-H); 
CIMS (NH,) m/z: 300 (MHf + NH,), 283 (MH+). Anal. calcd. 
for C l 8 H I 8 o 3 .  1/2 H,0: C 74.34, H 6.41; found: C74.70, H 6.28. 

6,7-Dihydro-I,2,3-rerrrrr17erhoxy-5 H-dibenzo[a,c/cyclo- 
heprene 7 

Cycloheptene 46 (70 mg, 0.25 mmol) in AcOH (10 mL) was 
hydrogenated at room temperature and 50 psi in a Parr hydrogen- 
ator for 3 h over Pd black catalyst (150 mg). Pd was removed by 
filtration through Celite and washed with AcOH. Evaporation of 
the filtrate gave 7 as an oil, which was purified by column chro- 
matography (SiO,, ethyl acetate - hexanes 1 :4) (50 mg, 71%): IR 
(CHCI,): 3020, 2940, 2860 (C-H), 1600 (Ph), 1490, 1460, 1410, 
1350, 1320, 1280-1 180 (Ph-0-CHI), 1 150, 1 1 10, 1090, 
1010 cm- ' ;  'H NMR (CDCI,) 6: 2.08-2.13 (m,  2H, CH,), 2.25- 
2.6 (m, 4H, CH,), 3.6 (s, 3H, CH,O), 3.92 (s, 3H, CH,O), 3.93 
(s, 3H, CH,O), 6 .6 (s, 1 H, 4-H), 7.24-7.3 1 (m, 3H, 8-H, 9-H, 
10-H), 7.48 (d, J = 7 Hz, IH, 1 I-H); CIMS (NH,) m/z: 302 (MH+ 
+ NH,), 285 (MH+). 

Sj~rzrhesis of5-ncernnzidoclecrrrzinoc~olchirzyl rtzedzyl ether 
(Sclzerrle 5 )  

5-A1~zirzo-6,7-di/zydr-o-1,2,3,9-terrc1t~zerho.~y-5 H- 
diber~zo[a,c]cj~c~loIzcpte~ze 47 

Oxime 25 (250 mg, 0.73 mmol) was dissolved in EtOH 
(50 mL) and heated at 85-90°C. Raney nickel (3 g) and hydrazine 
hydrate (10 mL) were added and the mixture stirred at 85-90°C for 
I h. The catalyst was removed by filtration through Celite and the 
filtrate was evaporated. The residue was dissolved in HCI (5%) and 
washed with Et,O. The aqueous layer was then basified with NaOH 
(30%) and the product extracted with Et,O, washed with brine, and 
dried (Na,CO,). Evaporation of the solvent gave amine 47 as a 
colorless oil (230 mg, 95.8%, 98% pure by GC): IR (CHCI,): 3010, 
2945, 2845, (CH,), 1610 (CH-NH?), 1580, 1490, 1460 (-CH2-), 
1400, 1330, 1300, 1260-1200 (Ph-0-CHI), 1 160. 1 135, 1080, 
I000 cm- ' ;  'H  NMR (CDCI,) 6: 1.86 (m, IH, CHZ), 2.4-2.6 (m, 
3H, CH,), 3.57 (s, 3H, CH,O), 3.8 (m, IH, CHNH,), 3.85 (s, 3H, 
CH,O), 3.88 (s, 3H, CH,O), 3.92 (s, 3H, CH,O), 6.78, (d, J = 
2.6 Hz, IH, 8-H), 6.85 (dd, J = 2.7 and 8.5 Hz, IH, 10-H), 7.03 
(s, l H ,  4-H), 7.38 (d, J = 8.5 Hz, IH, I I-H); CIMS (NH,) rn/z: 
330 (MH'), 313 (MH+ - NH,). 
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(-)-(aR,5S )-5-Amino-6,7-dihydro-1,2,3,9-rerramethoxy-5 H- 
dibetzzo[a,c]cycloheprene 47a 

Amine 47 (350 mg, 1.06 mmol) dissolved in iPrOH (5 mL) was 
resolved with (+)-dibenzoyl-D-tartaric acid in iPrOH (lo%, 
5 mL) and the salt was recrystallized twice from MeOH. Treat- 
ment of this salt with NH40H (30%) and extraction with ethyl 
acetate afforded amine 47a (120 mg, 68.7%): [a]: -85 (c = 0.62, 
MeOH). Phenylethylurea 48a was prepared with S-(-)-1-pheny- 
lethyl isocyanate in CH,CI, (22): mp 90-93°C; [a]: -55.3 (c = 
0.93, MeOH); CIMS (NH,) m/z: 477 (MH'). HPLC purity 100%, 
retention time 12.6 min (ethyl acetate-hexanes 3 :2 ,  
1 mL min-I). 

(+)-(aS,5R)-S-Atnino-6,7-dihydro-1,2,3,9-terramethoxy-5H- 
dibenzo[a,c]cyclohep~e~ze 47b 

The amine prepared from the mother liquor of the resolution of 
47a afforded a salt on treatment with (-)-o,of-dibenzoyl-L-tar- 
taric acid in iPrOH. After recrystallization from methanol (X2) and 
basification with NH40H (30%), extraction with ethyl acetate gave 
the oily amine 47b (97 mg, 55.6%): [a]: +85 (C = 0 59, MeOH). 
Phenylethylurea 48b prepared with S-(-)-I-phenylethyl isocya- 
nate in CH,CI, (22): mp 242-243°C; [a]: -58.9 (c = 0.19, 
MeOH); CIMS (NH,) m / z :  477 (MH'). HPLC purity 99.3%, re- 
tention time 10.6 rnin (ethyl acetate - hexanes 3:2,  1 mL min-'). 

5-Acetatnido-6,7-dihydro-1,2,3,9-1etrame~ho.~-5 H- 
dibenzo[a,ch~cloheptetz 8a,b 

Acetic anhydride (0.13 mL, 1.38 mmol) was added, after cool- 
ing, to a THF suspension (20 mL) of 47a,b (45 mg, 0.14 mmol) 
and K2CO3 (200 mg, 1.4 mmol), and the mixture was stirred at 
room temperature for 2 h. Saturated NaHCO, was added and the 
amide was extracted with Et,O. The combined extracts were washed 
with saturated NaHC03, H,O, and dried (MgSO,). Evaporation of 
the solvent gave 66 mg of a colorless oil, which on addition of H,0 
gave a white powder. 

Cornpolcnd 8a: 99%, mp 98-101°C; [a]g  -68.2 (c = 0.505, 
MeOH); IR (CHCI,): 3440 (-CO-NH-), 3000, 2930, 2840 (CH,), 
1660 (C=O), 1600, 1570 (Ph), 1480, 1450 (-CHZ-), 1400, 1320, 
1300, 1240- 1200 (Ph-0-CH,), 1085 cm-'; 'H NMR (CDCI,) 6: 
2.09 (s, 3H, COCH3), 2.3-2.7 (m, 4H, CH,), 3.56 (s, 3H 45%. 
CH30), 3.59 (s, 3H 55%, CH30),  3.84 (s, 3H 43%, CH,O), 3.87 
(s, 3H 57%, CH30), 3.89 (s, 3H, CH30), 3.90 (s, 3H 50%, CH,O), 
3.92 (s, 3H 50%, CH,O), 4.64 (m, 1 H 46%, 5-H), 5.06 (m, 1H 
5470, 5-H), 5.18 (d, J = 8.8 Hz, NHCO), 6.16 (br s ,  NHCO), 6.61 
(s, 1H 39%, 4-H), 6.67 (s, IH61%,  4-H), 6.76(d,  J = 2.6Hz,  
8-H), 6.82-6.94 (m, IH, 10-H), 6.86 (d, J = 2.7 Hz, 8-H), 7.41 
(d, J = 8.4 Hz, 1H 52%, 11-H), 7.42 (d, J = 8.3 Hz, lH  48%, 
1 I-H); EIMS m/z: 371 (M'), 3 12 (M+ - NHCOCH,), 281. 

Compound 8b: 99%, mp 94-95°C; [a]g +7 1.8 ( c  = 0.545, 
MeOH). 
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